DESCRIPTION 



SURFACTANT COMPOSITION 

Technical Field 

The present invention relates to a foam- increasing 
agent for surfactant containing a compound derived from 
1 , 2 - epoxyalkane and a surfactant composition containing 
the foam- increasing agent. The present invention relates 
to a surfactant composition, preferably used as hair 
detergent compositions, body detergent compositions, dish 
detergents or facial cleansing foam. 

Background Art 

Generally, alkanolamide surfactants, betaine 
surfactants and semi-polar surfactants (e.g., 
alkyldimethylamine oxide) are known as a thickener or 
foam-increasing agent and used currently as an auxiliary 
surfactant in various detergent fields. 

Auxiliary surfactants mostly used today are 
alkanolamide surfactants and amidopropylbe taine . 

Also, in WO-A 03/008527, there is a description that 
a hydroxyalkyl polyhydric ether compound obtained from a 
1 , 2 -epoxyalkane . and an aliphatic diol is useful as a 
thickener of a detergent composition. 

Also, in JP-A 63-57698, there is a description that 
an alkane- 1 , 2 -diol is formulated in an anionic surfactant 
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to suppress irritation to the skin. 

Conventionally, 1 , 2 - alkanediol derivatives are 
reported as cosmetic bases or as a combination with a 
cationic surfactant and a polymer endoplasmic reticulum. 
For example in JP-B 59-46926, there is a description that 
a 1 , 2 - alkanediol derivative is formulated as a cosmetic base 
to impart oily nature thereby improving a feel when a 
detergent containing the derivative is applied. JP-A 
1-153610 discloses a hair cosmetic containing a cationic 
surfactant and a 1 , 2 -alkanediol derivative and describes 
that the hair cosmetic increases the water-retentivi ty of 
the hair after the hair is rinsed and dried and imparts a 
wet feel and a smooth feel. Also, in JP-B 2576198, there 
is a description concerning the effects of protecting hairs 
and imparting a wet feel to hairs by a combination of a 
polymer endoplasmic reticulum and a 1 , 2 -alkanediol 
derivative . 

Disclosure of the invention 

The present invention relates to a surfactant 
composition containing a diol derivative (hereinafter 
referred to as "component (A) " represented by the formula 
(I) and a surfactant (hereinafter referred to as "component 
(B) ") : 
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R 



R* 



CH-OR z 
I 

CH-OH 



(I) 



wherein one of R 3 and R 4 is a straight- chain or branched alkyl 
or alkenyl group having 4 to 22 carbon atoms and the other 
is a hydrogen atom. R 2 is a straight-chain or branched alkyl 
or alkenyl group having 1 to 18 carbons. 

Also, the present invention relates to use of the above 
surfactant composition as a hair detergent use or body 
detergent. Also, the present invention relates to use of 
the above component (A) as a surfactant foam- increasing 
agent . 

Detailed Description of the Invention 

In the above prior art, there is no description as to 
a function as a foam- increasing agent when a 1, 2-alkanediol 
derivative is used in combination with a surfactant. The 
surfactant compositions seen in these prior art references 
all dissatisfy foaming characteristics and quick foaming 
characteristics . 

Alkanolamide surfactants are classified into a 
monoalkanolamide surfactant and a dialkanolamide 
surfactant. Although the monoalkanolamide surfactant has 
an excellent thickening action, it is not said to be a 
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compound having excellent handling characteristics because 
it has a high melting point. On the other hand, the 
dialkanolamide surfactant is inferior to the 
monoalkanolamide surfactant in thickening action and 
therefore has a difficulty in obtaining a desired viscosity 
in a reasonable amount though it has high compounding 
stability . 

In the meantime, the amidopropylbetaine surfactant is 
a superb base from the viewpoint of thickening 
characteristics and of improving foam properties . However, 
it has only unsatisfactory foam- increasing 
characteristics . 

Also, because these auxiliary surfactants are 
nitrogen- containing compounds, they have the disadvantage 
that many cares must be taken to prevent coloring during 
the course of the process, coloring of a final product, a 
deterioration in hue stability during storage and the like. 

Therefore, it has been desired to develop a thickener 
and a foam- increasing agent which contain no nitrogen atom 
and are used in place of an alkanolamide surfactant or 
amidopropylbetaine or as an adjuvant for these surfactants . 

An alkylglycoside or an alkyl glycidyl ether are 
usually used as an auxiliary surfactant containing no 
nitrogen atom. A method of producing these compounds is 
not simple and several production steps and refining 
processes are required to produce these compounds. Also, 
in the case of applying an alkylglycoside to a hair detergent, 
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a strong creak feel is given to hairs and it is therefore 
difficult to apply it to a hair detergent. 

WO-A 03/008527 reveals that in the case of a 
hydroxyalkyl polyhydric alcohol ether compound, a diol is 
used as starting material in its production process and it 
is therefore difficult to obtain a single reaction product. 
Also, the foaming characteristics are improved 
unsatisfactorily . 

There is nothing described as to an improvement in the 
foaming characteristics of an anionic surfactant in JP- 
A 63-57698. 

The present invention is to provide a surfactant 
composition having high foaming characteristics and quick 
foaming characteristics . 

The present invention relates to a foaming agent for 
surfactant containing a compound derived from a 1,2- 
epoxyalkane, the foam- increasing agent being a liquid at 
ambient temperature, having excellent handling 
characteristics and also being superior in foaming 
characteristics and low- temperature stability and also to 
a surfactant composition containing the foam- increasing 
agent . 

The surfactant composition of the present invention 
produces such an excellent effect as to improve foam- 
increasing characteristics and quick foaming 
characteristics . 

The present invention includes a surfactant 
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composition containing a composition (hereinafter referred 
to as "component A") containing a diol derivative 

(hereinafter referred to as "diol derivative (I)") 
represented by the formula (I) and obtained by a production 
method involving a step (1) and a step (2) and a surfactant 

(hereinafter referred to as "component (B)"). 

Step 1: A step of supplying a 1 , 2 -epoxyalkane 

(hereinafter referred to as " 1 , 2 - epoxyalkane (II)") 
represented by the formula (II) and an alcohol (hereinafter 
referred to as "alcohol (III) ") represented by the formula 

(III) in the following molar ratio: 1 , 2 -epoxyalkane 

(II) /alcohol (III) = 1/1 to 1/20 to react both with each other 
in the presence of an acid catalyst. 

O 

a / \ 
R — CH — CH 2 ( II ) 

wherein R 1 represents a straight-chain or branched alkyl 
or alkenyl group having 4 to 22 carbon atoms . 

R 2 -OH (III) 
wherein R 2 represents a straight-chain or branched alkyl 
or alkenyl group having 1 to 18 carbon atoms. 

Step 2: A step of removing an unreacted alcohol (III) 
from the reaction product obtained in Step 1 to obtain a 
composition comprising the diol derivative (I) . 
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wherein one of R 3 and R 4 is a straight- chain or branched alkyl 
or alkenyl group having 4 to 22 carbon atoms and derived 
from R 1 and the other is a hydrogen atom. R 2 has the same 
meaning as above . 

The alkyl or alkenyl group of R 3 and R 4 has 6 to 12 carbon 
atoms and R 2 is preferably an alkyl or alkenyl group having 
1 to 3 carbon atoms. 

A surfactant composition containing the component (A) 
in an amount of 0.5 to 5% by weight in the composition is 
preferable . 

A surfactant composition containing the component (A) 
in an amount of 3 to 3 0% by weight based on the surfactant 
is preferable. 

(A) Further, the surfactant is preferably an anionic 
surfactant . 

[Component (A) ] 

The component (A) in the present invention is obtained 
using a production method involving the above steps (1) and 
(2) . Examples of the 1 , 2 - epoxyalkane (II) used in the step 
(1) include 1 , 2-epoxyoctane, 1 , 2 - epoxydecane , 1,2- 



epoxydodecane, 1 , 2 - epoxy tetradecane , 1,2- epoxyhexadecane , 
1,2- epoxyoc tadecane , 1 , 2 - epoxyeicosane and 1,2- 
epoxydocosane . 1 , 2 - epoxyalkanes having 8 to 16 carbon 
atoms such as 1 , 2 - epoxyoc tane , 1 , 2 - epoxydecane , 1,2- 
epoxydodecane, 1,2- epoxy tetradecane and 1,2- 
epoxyhexadecane are preferable and 1 , 2 - epoxyoc tane , 
1 , 2 - epoxydecane and 1 , 2 -epoxydodecane are more preferable 
from the viewpoint of foam- increasing characteristics. 
1, 2 -epoxydecane, 1 , 2 - epoxydodecane and 1,2- 
epoxytetradecane are preferable from the viewpoint of 
thickening characteristics . 

Examples of the alcohol (III) include methanol, 
ethanol, n-propyl alcohol, isopropyl alcohol, butyl 
alcohol, 2-ethylhexyl alcohol, octyl alcohol, decyl 
alcohol and dodecyl alcohol. Alcohols having 1 to 8 carbon 
atoms such as methanol, ethanol, n-propyl alcohol, 
isopropyl alcohol, butyl alcohol and 2-ethylhexyl alcohol 
from the viewpoint of foam stability and methanol , ethanol , 
n-propyl alcohol and isopropyl alcohol are more preferable. 

The molar ratio (II) /(III) of the 1 , 2 -epoxyalkane (II) 
to the alcohol (III) to be supplied is 1/1 to 1/20 and 
preferably 1/1 to 1/10 from the viewpoint of quick foaming 
characteristics and foaming characteristics. 

Although basic catalyst can be used, acid catalyst is 
more preferable. 

Examples of the acid catalyst used in the step (1) 
include sulfuric acid, hydrochloric acid, nitric acid, 
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phosphoric acid, p- toluenesulf onic acid, m-xylenesulfonic 
acid and Lewis acid catalysts such as boron trifluoride 
ether complex. Lewis acid catalysts are preferable. The 
amount of these acid catalysts is preferably 0.001 to 0 . 1 
mol equivalents and more preferably 0.005 to 0.05 mol 
equivalents based on the number of mols of 1, 2-epoxyalkane 
(ID . 

In the step (1), the 1 , 2 - epoxyalkane (II) is preferably 
reacted with the alcohol (III) at a reaction temperature 
range from 40 to 60°C by using a Lewis acid such as boron 
trifluoride diethyl ether complex as the acid catalyst. 
Although a solvent is unnecessarily required, a non-polar 
solvent such as hexane may be used. 

The step (2) is a step of removing unreacted alcohol 
(III) from the reaction product obtained in the step (1) . 
Examples of the removing method include steam distillation 
and distillation under reduced pressure. 

The concentration of the alcohol (III) in the component 
(A) after the alcohol (III) is removed is preferably 0.5% 
or less by weight and more preferably 0 . 1% or less by weight 
from the viewpoint of odors. 

One of R 3 and R 4 in the diol derivative (I) is a 
straight-chain or branched alkyl or alkenyl group which has 
4 to 22 , preferably 6 to 14 and more preferably 6 to 12 carbon 
atoms and is derived from R 1 of the 1 , 2 -epoxyalkane (II) 
and the other is a hydrogen atom. Also, R 2 derived from the 
alcohol (III) is a straight-chain or branched alkyl or 
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alkenyl group having 1 to 18, preferably 1 to 8 and more 
preferably 1 to 3 carbon atoms. 

The content of the diol derivative (I) in the component 
(A) is preferably 50 to 99 area% and more preferably 60 to 
97 area% from the viewpoint of satisfying both the quick 
foaming characteristics and foaming characteristics . Also, 
the component (A) preferably contains a component having 
a higher molecular weight than the diol derivative (I) such 
as a dimer of the 1,2- epoxyalkane ( II ) . The content of such 
a high-molecular weight component is preferably 1 to 50 
area% and more preferably 3 to 4 0 area% in the component 
(A) . 

Each content of the diol derivative (I) and the 
high-molecular weight component in the component (A) is a 
value measured by gas chromatography in the condition shown 
in the following examples. 

(Component (B) ) 

Examples of the surfactant which is the component (B) 
include at least one of anionic surfactants, amphoteric 
surfactants, cationic surfactants, nonionic surfactants, 
betaine surfactants and the like. A composition containing 
at least one of, particularly, anionic surfactants is 
preferable because these anionic surfactants are used for 
detergents and have excellent foam- increasing 
characteristics. Also, a composition containing at least 
one of anionic surfactants and at least one selected from 
betaine surfactants and nonionic surfactants is more 
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preferable from the viewpoint of the preparation of shampoos 
and body shampoos . 

Examples of the anionic surfactant used in the present 
invention include such as alkyl sulfates, polyoxyethylene 
alkyl ether sulfates , alkylbenzene sulfonates, alkyl fatty 
acid salts, alkyl phosphates, polyoxyethylenealkyl 
phosphates, acylated amino acid salts and alkylamide ether 
sulfates . 

Examples of the betaine surfactant used in the present 
invention include amide group-containing betaines such as 
amidopropyldimethylcarbobetaine and 

laurylamidopropylbetaine , lauryl acetic acid betaine and 
lauerylhydroxysulf obetaine . 

Examples of the nonionic surfactant used in the present 
invention alkanolamide surfactants such as 
monoethanolamide and diethanolamide , alkyl glycosides and 
alkyl glycidyl ethers. 

(Surfactant composition) 

The ratio (A) / (B) by weight of the component (A) to 
the component (B) to be compounded in the surfactant 
composition of the present invention is preferably 1/100 
to 50/50 and more preferably 5/95 to 25/75. 

The content of the component (A) in the surfactant 
composition of the present invention is preferably 0 . 1 to 
30% by weight and more preferably 0 . 3 to 20% by weight though 
it differs depending on the use of the composition and no 
particular limitation is imposed on it. Also, the content 
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of the component (B) in the surfactant composition of the 
present invention is preferably 0.1 to 50% by weight and 
more preferably 0.3 to 30% by weight though it differs 
depending on the use of the composition and no particular 
limitation is imposed on it. 

In the case of using an anionic surfactant as the 
component (B) , the amount of the anionic surfactant in the 
surfactant composition of the present invention is 
preferably 5 to 50% by weight and more preferably 10 to 30% 
by weight. In the case of combining at least one of anionic 
surfactants with at least one selected from betaine 
surfactants and nonionic surfactants, the ratio (weight 
ratio) of these surf actants to be compounded, namely, (total 
amount of the betaine surfactant and the nonionic 
surf actant) /the anionic surfactant is preferably 1/100 to 
25/75. The compounding amount of at least one surfactant 
selected from betaine surfactants and nonionic surfactants 
in the surfactant composition of the present invention is 
0 . 1 to 10% by weight and more preferably 0.1 to 5% by weight . 

The surfactant composition of the present invention 
may be used as detergent compositions such as hair detergent 
compositions, body detergent compositions, dish detergents 
and clothe detergents and preferably used as hair detergent 
compositions and body detergent compositions. 

The surfactant composition of the present invention 
may be formulated with, besides the above components (A) 
and (B) , components, which are used in usual detergents, 
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for example, moisture retentive agents such as propylene 
glycol, glycerin and sorbitol; viscosity regulators such 
as methyl cellulose, polyoxyethylene glycol distearate and 
ethanol; antibacterial agents such as trichlosane and 
trichlorocarbane ; anti-inflammatory agents such as 
potassium glycyrrhizin and tocopherol acetate; 
antidandruff agents such as zinc pyrition and octopyrox; 
antiseptics such as methyl parabene, butyl parabene, ethyl 
parabene and propyl parabene; and others including oily 
components, chelating agents, perfumes, dyes, feeling 
improvers, salts, pearling agents, scrubbing agents, 
cold- feel supply agents, ultraviolet absorbers, vegetable 
extracts and antioxidants according to the need. 

Next, the present invention includes a foam- 
increasing agent for surfactant containing a compound 
(hereinafter referred to as "compound (1) ") represented by 
the formula (1) and also includes a surfactant composition 
containing the compound (1) and at least one surfactant. 

R 1 — CH— CH 2 -0— R 2 ( 1 ) 

OH 

wherein R 1 represents a straight-chain or branched alkyl 
or alkenyl group having 6 to 21 carbon atoms and R 2 represents 
a straight-chain or branched alkyl or alkenyl group having 
1 to 18 carbon atoms. 
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The structures of the present invention are a 
foam-increasing agent which will take the place of 
conventional alkanolamide surfactant or 
amidopropylbetaine, contains no nitrogen atom, is 
compounded highly stably and has a high foaming 
characteristics, and a surfactant composition containing 
the foam-increasing agent. 

It has been found that in this structure, the 1,2- 
epoxyalkane derivative having the above specified 
structure has a higher effect on the improvement in foaming 
characteristics and the effect of promoting foam stability 
more greatly than alkanolamide surfactants or 
amidopropylbetaines . 

The compound (1) in the present invention may be 
produced by reacting a 1 , 2 -epoxyalkane (hereinafter 
referred to as "1 , 2 -epoxyalkane (2)") represented by the 
formula (3) with an alcohol (hereinafter referred to as 
"alcohol (3)") represented by the formula (3): 



R 1 CH CH 2 




(2) 



O 



wherein R 1 has the same meaning as above. 



R 2 -OH 



(3) 



wherein R 2 has the same meaning as above. 
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Using the aforementioned 1 , 2 -epoxyalkane (2) and 
alcohol (3), the compound (1) is obtained in the same 
reaction condition as in the production of the above diol 
derivative (I) . 

In the production of the compound (1) , the reaction 
also proceeds even if a basic catalyst such as a sodium 
methylate or a tertiary amine, a quaternary salt catalyst 
such as tetrabutylammonium bromide or an acid catalyst such 
as sulfuric acid and phosphoric acid is used. 

The molar ratio of the 1 , 2 -epoxyalkane (2) to the 
alcohol (3) , namely, (3) : (2) is in a range from preferably 
1 : 1 to 10 : 1 and more preferably 1 : 1 to 3 : 1 from the 
viewpoint of controlling the amount of dimers of the 
1 , 2 -epoxyalkane (2) and from an economical point of view 
though no particular limitation is imposed on it. It is 
preferable to remove an excess of the alcohol (3) by steam 
distillation or distillation under reduced pressure after 
the reaction is finished. 

The foam- increasing agent of the present invention 
contains the compound (1) as an essential component. The 
foam- increasing agent may contain, beside the compound (1) , 
a dimer of the 1 , 2 - epoxyalkane (2) and the like, which dimer 
is obtained by the above reaction in the production the 
compound (1) to the extent that it is no hindrance to 
practical use. The content of the compound (1) in the 
foam- increasing agent of the present invention is 
preferably 50 to 100% by weight and more preferably 70 to 
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100% by weight. 

The compound (1) in the present invention has the 
effect of remarkably improving foaming characteristics 
when a surfactant is compounded. 

The surfactant composition of the present invention 
contains the compound (1) and at least one surfactant. As 
the surfactant, at least one of an anionic surfactant, 
amphoteric surfactant, cationic surfactant, nonionic 
surfactant, betaine surfactant and the like may be used. 
An anionic surfactant is preferable. 

Although the content of the compound (1) in the 
surfactant composition of the present invention differs 
depending on the use of the composition and no particular 
limitation is imposed on the content, the content is 
preferably 0 . 1 to 50% by weight, more preferably 0 . 1 to 30% 
by weight and even more preferably 0.3 to 20% by weight. 
Although the ratio by weight of the compound (1) to the 
surfactant to be compounded differs depending on the use 
of the composition and no particular limitation is imposed 
on the ratio, the ratio of compound (1) /surf actant is 
preferably 1/99 to 70/30 and more preferably 3/97 to 50/50 . 

The surfactant composition of the present invention 
may be used as dish detergents and cloth detergents in 
household fields and detergents for personal care use such 
as hair detergents and body detergents. Also, a two- 
component system containing the compound (1) and various 
surfactants may be used or the compound (1) may be added 
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to combination of these various surfactants, depending on 
how to use the detergent. 

The present invention makes it possible to provide a 
foam- increasing agent for surfactant which include no 
nitrogen atom, is a liquid at ambient temperature, has 
excellent handling characteristics and is superior in 
thickening effect, foaming characteristics and low- 
tempera ture s tabi 1 i ty . 

Examples 

In the following production examples, the condition 
of gas chromatographic analysis of a diol derivative- 
containing composition is as follows: 

Column: Ultra ALLOY (trademark) , 15 mXo.25 mmcj), film 
thickness: 0.15|Um 

Manufacturer: HEWLETT PACKARD HP4890 

Measuring condition: Initial temperature 60°C, two 
minutes at 60°C, temperature rise rate 10°C /min (up to 320°C) , 
15°C /min (320 to 350°C) 

Production Example 1 

AIL reactor equipped with a thermometer, a stirrer, 
a nitrogen blowing tube and a reflux condenser was charged 
with 64 g (2 mol) of methanol and 2 g of boron trifluoride 
diethyl ether complex and then the mixture was raised to 
60°C. Then, 128.2 g (1 mol) of 1 , 2 -epoxyoctane was added 
dropwise to the mixture over one hour and the resulting 
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mixture was kept as it was for 3 hours. The reaction was 
terminated just after confirming that 1 , 2 - epoxyoctane left 
unreacted was less than 1% by gas chromatography and then 
the reaction mixture was cooled. Thereafter, the reaction 
mixture was transferred to a 1 L Herz equipped with a 
nitrogen blowing tube, a vacuuming device and a fraction 
condenser. After the mixture was heated to 30°C, nitrogen 
was blown under a pressure of 40 kPa to remove methanol 
thereby obtaining a diol derivative-containing 
composition . 

The obtained diol derivative-containing composition 
contained 68% (area) of 2 -hydroxyoctyl methyl ether and 32% 
(area) of components having a higher molecular weight than 
2 -hydroxyoctyl methyl ether as a result of gas 
chromatographic analysis . 
Production Example 2 

A diol derivative-containing composition was obtained 
in the same manner as in Production Example 1 except that 
the amount of methanol to be charged was changed to 256 g 
(8 mol) . 

The obtained diol derivative-containing composition 
contained 94% (area) of 2 -hydroxyoctyl methyl ether and 6% 
(area) of a component having a higher molecular weight than 
2 -hydroxyoctyl methyl ether as a result of gas 
chromatographic analysis . 
Production Example 3 

A diol derivative-containing composition was obtained 
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in the same manner as in Production Example 1 except that 

156.2 g (1 mol) of 1 , 2 -epoxydecane was added dropwise over 
one hour in place of 1 , 2 - epoxyoc tane . 

The obtained diol derivative-containing composition 
contained 69% (area) of 2 -hydroxydecyl methyl ether and 31% 
(area) of components having a higher molecular weight than 
2 -hydroxydecyl methyl ether as a result of gas 
chromatographic analysis . 
Production Example 4 

A diol derivative- containing composition was obtained 
in the same manner as in Production Example 1 except that 

184.3 g (1 mol) of 1 , 2 - epoxydodecane was added dropwise over 
one hour in place of 1 , 2 -epoxyoc tane . 

The obtained diol derivative- containing composition 
contained 70% (area) of 2 -hydroxydodecyl methyl ether and 
30% (area) of components having a higher molecular weight 
than 2 -hydroxydodecyl methyl ether as a result of gas 
chromatographic analysis . 
Comparative Production Example 1 

A diol derivative- containing composition was obtained 
in the same manner as in Production Example 1 except that 
the amount of methanol to be charged was altered to 800 g 
(25 mol) . 

The obtained diol derivative-containing composition 
contained 99.3% (area) of 2 -hydroxyoc tyl methyl ether and 
0.7% (area) of components having a higher molecular weight 
than 2 -hydroxyoc tyl methyl ether as a result of gas 
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chromatographic analysis . 

Examples 1 to 4 and Comparative Examples 1 to 5 

The diol derivative-containing compositions obtained 
in Production Examples 1 to 4 and Comparative Production 
Example 1, the following comparative products and a sodium 
polyoxyethylene (2 ) lauryl ether sulfate (AES) were used to 
prepare surfactant compositions shown in Table 1. With 
regard to these compositions, the quick foaming 
characteristics and the amount of foam were examined in the 
following methods. The results are shown in Table 1. 
<Ccomparative product s> 

MEA: Coconut oil fatty acid monoethanolamide 
DEA: Palm kernel oil fatty acid die thanolamide 
CAPB : Coconut oil fatty acid amidopropylbetaine 
<Test method of quick foaming characteristics^ 

Using a quick foaming tester having the structure shown 
in Fig. 1 of JP-A 10-73584, the time required until the 
amount of foam reached 250 mL was measured in the presence 
of 0.2 mL of pseudo-sebum in the following conditions and 
procedures by using 1.0 mL of each surfactant composition 
to evaluate the composition according to the following four 
ranks . 

• Condition 
Amount of hair 30 g 

Amount of water to be added 32 g 

Surfactant composition 1.0 mL 
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Amount of pseudo-sebum 0.2 mL (purified 

lanolin: 95% and oleic acid: 5%) 
• Procedure 

1) As described in JP-A 10-73584, Paragraph No. 0053, 30 
g of 90 mm hairs were transplanted in a circular plate having 
a diameter of about 160 mm. This circular plate was set 
to a cylindrical container having a diameter of 160 mm and 
a height of 22 mm. The lid of this cylindrical container 
is provided with three cylindrical first projections having 
a diameter of 15 mm and a height of 12 mm and nine second 
projections having a length of 10 mm, a width of 2 mm and 
a height of 12 mm. 

2) The hair was washed twice with a commercially available 
shampoo containing primarily an anionic surfactant and then 
about 2 g of a commercially available conditioner primarily 
containing a cationic surfactant and a higher alcohol was 
applied to the hair, followed by sufficiently rinsing the 
hair with warm water. 

3) 0.2 mL of pseudo-sebum was added in the cylindrical 
container, which was then rotated at 60 rpm. 

4) The surfactant composition in an amount of 1 . 0 mL measured 
using a syringe was added to the cylindrical container and 
the measuring of the time was started at the same time when 
the components were added. 

5) The time required until the amount of foam in a weigher 
installed on the upper portion of cylindrical container 
reached 250 mL was measured. 
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• Evaluation standard 

©: Less than 6 0 seconds (very good). 
O:60 seconds or more and less than 120 seconds (good) . 
A: 120 seconds or more and less than 180 seconds 
(normal ) 

X : 180 seconds or more (inferior) 
<Test method of the amount of f oam> 

20 g of the hairs (length: 20 cm) of a Japanese woman 
were bundled and 1.0 mL of each surfactant composition was 
applied evenly to the hair bundle by using 40°C city water. 
Then, the hair bundle was rubbed by hands for 3 0 seconds 
to wash. The amount of foam was evaluated by 5 panelists 
according to the following standard and the results of the 
evaluation made by 5 panelists were averaged. 

©: Amount of foam is very large. 

O: Amount of foam is large. 

A: Amount of foam is normal. 

x: Amount of foam is small. 
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Comparative example 
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Diol derative-containing 
composition in production 
example 3 


Diol derative-containing 
composition in production 
example 4 


Diol derative-containing 
composition in comparative 
production example 1 


MEA 


DEA 


CAPB 


AES 


Purified water 


Quick foaming 
characteristics 


Amount of foam 


(%_}L|3{9AA) UOjljSOdWOO ^UB^OBJjriS 


}ss} jo unsay 



23 



Formulation Examples 1 to 4 of detergent compositions 
including the diol derivative-containing compositions 
obtained in Production Examples 1 to 4 are shown below. 
Formulation Example 1: Hair detergent 

A hair detergent having the composition shown in Table 
2 was prepared . The hair detergent had a moderate viscosity 
and exhibited superior quick foaming characteristics and 
sufficient foam- increasing characteristics. The 
detergent gave a creaky feel to hairs during both washing 
and rinsing, allowed fingers to pass through hairs very 
smoothly and gave very fresh washing finish to hairs. 
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*Nr\Hiiim nnl\/r»Y\/pth\/lpnPi 9 1 Isiirv/I PtrtPK Qlllfftl"^ 
OUUIUIM jjuiy UAy v?Li ly ici ic\t.y laui yi c li ici ouiiaic 


15.0 


l^ioi ucnvativc containing oorTipubinuf i oi pruuuuuun cAcinipjo i 


o.\j 


♦ 1 

Coconut oil fatty acid amidopropylbetaine 


n fi 


Ethylene glycol distearate 




Polyoxyethylene hydrogenated caster oil (60 mol of EO is added) 


u.o 


Oationic cellose 


n *\ 


Silicone 


Proper amount 


Antioxidant 


Proper amount 


Chelating agent 


Proper amount 


Anticeptic 


Proper amount 


Perfume 


Proper amount 


Dye 


Proper amount 


Purified water 


Balance 



* 1 : R— C— N— (CH 2 ) 3 — N— CH 2 -COO _ 

II I 
O CH 3 

(R : Derived from coconut oil fatty acid ) 
*2 : Ucare polymer JR-400 (produced by Amerchol Corporat 
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Formulation Example 2 : Hair detergent 

A hair detergent having the composition shown in Table 
3 was prepared. The hair detergent had a moderate viscosity 
and exhibited superior quick foaming characteristics and 
sufficient foam- increasing characteristics and produced 
sturdy and creamy foam. The detergent gave no creaky feel 
to hairs during both washing and rinsing, allowed fingers 
to pass through hairs very smoothly and gave very fresh 
washing finish to hairs. 
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Table 3 



Composition 


weight-% 


Sodium polyoxyethylene (2) lauryl ether sulfate 


15.0 


Diol derivative-containing composition of production exar 


3.0 


vOOUllUL Ull IdLUy dblu CX IT II UUJJi <JJJ y IUC Lai 1 IC 


0.6 


Fthvlpnp clx/col distearate 

I— i-i iy I ci gi y uwi uioLcai ace 


2.0 


Polyoxy ethylene hydrogenated caster oil (60 mo! of EO is added) 


0.5 


vaUUIIIO OCIlUIUoC 


0.3 


Silicone 


Proper amount 


Antioxidant 


Proper amount 


j Chelating agent 


Proper amount 


Anticeptic 


Proper amount 


Perfume 


Proper amount 


Dye 


Proper amount 


Purified water 


Balance 



* 1 and * 2 are same as Table 2 
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Formulation Example 3 : Body detergent 

A body detergent having the composition shown in Table 
4 was prepared. When this body detergent was used for 
washing hands, it produced sturdy and creamy foam and gave 
very fresh washing finish to the body. 
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Table 4 



Composition 


weight-% 


Potassium coconut oil fatty acid salt 


9 


Potassium laurate 


6.8 


Potassium myristate 


2.3 


Diol derivative-containing composition of prod 


UCt 3.0 


Coconut oil fatty acid amidopropylbetaine * 1 


0.6 


Laurylhydroxysulfobetaine* 3 


1.5 


Sorbitol 


3.5 


Concenrated glycerin for cosmetic 


5.0 


Cationic cellulose* 2 ! 


0.5 


Ethylene glycol distearate 


2.0 


Antioxidant 


Proper amount 


Chelating agent 


Proper amount 


Anticeptic 


Proper amount 


Perfume 


Proper amount 


Dye 


Proper amount 


Purifie water 


Blance 



* 1 and * 2 are same as those in Table 2 



* 3 : C 12 H 2 5— N— CH 2 -CH— CH2-SO3- 
CH 3 OH 
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Formulation Example 4: Body detergent 

A body detergent having the composition shown in Table 
5 was prepared. When this body detergent was used for 
washing hands, it produced sturdy and creamy foam and gave 
very fresh washing finish to the body. 
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Table 5 



ComDosition 


Weieht-% 


Pnta^^ii im rnrnniit fattx/ nil flpiH 

I vLQoolUI 1 1 UvuUIIUL 1 U LLy VJ 1 1 OwlU 


g 


Pntaccii irv*» 1 s» i irofa 
ruiaooiuiii la urate 




Pntaccii im m\/Kicf afo 

r oiassiuiTi mynsiaLc 




L-'iui ucnvaLtvc uonLdining uompobiuun ut pr OQUuuun cac 


mpic O.vJ 


Coconut oil fatty acid amidopropylbetaine * 1 


U.D 


* 3 

Laurylhydroxysulfobetaine 


1 r 


ooroitol 


O.O 


Concenrated glycerin for cosmetic 


O.U 


Cationic cellulose 


U.vJ 


Ethylene glycol distearate 


2.0 


Antioxidant 


Proper amount 


Chelating agent 


Proper amount 


Anticeptic 


Proper amount 


Perfume 


Proper amount 


Dye 


Proper amount 


Purified water 


Proper amount 



* 1 and * 2 are the same as table 2 
* 3 is same as Table 4 
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Production Example 5 

AIL reactor equipped with a thermometer, a stirrer, 
a nitrogen blowing tube and a reflux condenser was charged 
with 64 g (2 mol) of methanol and 2 g of boron trifluoride 
diethyl ether complex and then the mixture was raised to 
6 0°C. Then, 12 8.2 g (1 mol) of 1 , 2 - epoxyoctane was added 
dropwise to the mixture over one hour and the resulting 
mixture was kept as it was for 3 hours. The reaction was 
terminated just after confirming that 1 , 2-epoxyoctane left 
unreacted was less than 1% by gas chromatography and then 
the reaction mixture was cooled. Thereafter, the reaction 
mixture was transferred to a 1 L Herz equipped with a 
nitrogen blowing tube, a vacuuming device and a fraction 
condenser. After the mixture was heated to 30°C, nitrogen 
was blown under a pressure of 4 0 kPa to remove methanol 
thereby obtaining 2 -hydroxyoctyl methyl ether. 
Production Example 6 

The same reactor that was used in Production Example 
5 was charged with 64 g (2 mol) of methanol and 2 g of boron 
trifluoride diethyl ether complex and then the mixture was 
raised to 60°C. Then, 156.2 g (1 mol) of 1 , 2 - epoxydecane 
was added dropwise to the mixture over one hour and the 
resulting mixture was kept as it was for 3 hours. The 
reaction was terminated just after confirming that 1,2- 
epoxydecane left unreacted was less than 1% by gas 
chromatography and then the reaction mixture was cooled. 
Thereafter, methanol was removed in the same manner as in 
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Production Example 5 to obtain 2 -hydroxydecyl methyl ether. 
Production Example 7 

The same reactor that was used in Production Example 
5 was charged with 64 g (2 mol) of methanol and 2 g of boron 
trifluoride diethyl ether complex and then the mixture was 
raised to 60°C. Then, 184.3 g (1 mol) of 1 , 2 - epoxydodecane 
was added dropwise to the mixture over one hour and the 
resulting mixture was kept as it was for 3 hours. The 
reaction was terminated just after confirming that 1,2- 
epoxydodecane left unreacted was less than 1% by gas 
chromatography and then the reaction mixture was cooled. 
Thereafter, methanol was removed in the same manner as in 
Production Example 5 to obtain 2 -hydroxydodecyl methyl 
ether . 

Production Example 8 

The same reactor that was used in Production Example 
5 was charged with 64 g (2 mol) of methanol and 2 g of boron 
trifluoride diethyl ether complex and then the mixture was 
raised to 60°C. Then, 212.3 g (1 mol) of 1,2- 
epoxytetradecane was added dropwise to the mixture over one 
hour and the resulting mixture was kept as it was for 3 hours . 
The reaction was terminated just after confirming that 
1, 2-epoxytetradecane left unreacted was less than 1% by gas 
chromatography and then the reaction mixture was cooled. 
Thereafter, methanol was removed in the same manner as in 
Production Example 5 to obtain 2 -hydroxy tetradecyl methyl 
ether . 
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Production Example 9 

The same reactor that was used in Production Example 
5 was charged with 92 g (2 mol) of ethanol and 2 g of boron 
trif luoride diethyl ether complex and then the mixture was 
raised to 60°C. Then, 156.2 g (1 mol) of 1 , 2 - epoxydecane 
was added dropwise to the mixture over one hour and the 
resulting mixture was kept as it was for 3 hours. The 
reaction was terminated just after confirming that 1,2- 
epoxydecane left unreacted was less than 1% by gas 
chromatography and then the reaction mixture was cooled. 
Thereafter, the reaction mixture was transferred to a 1 L 
Herz equipped with a nitrogen blowing tube, a vacuuming 
device and a fraction condenser. After the mixture was 
heated to 40°C, nitrogen is blown under a pressure of 40 
kPa to remove ethanol thereby obtaining 2 -hydroxydecyl 
ethyl ether. 
Production Example 10 

The same reactor that was used in Example 5 was charged 
with 92 g (2 mol) of methanol and 2 g of boron trifluoride 
diethyl ether complex and then the mixture was raised to 
60°C. Then, 184.3 g (1 mol) of 1 , 2 - epoxydodecane was added 
dropwise to the mixture over one hour and the resulting 
mixture was kept as it was for 3 hours. The reaction was 
terminated just after confirming that 1 , 2 -epoxydodecane 
left unreacted was less than 1% by gas chromatography and 
then the reaction mixture was cooled. Thereafter, methanol 
was removed in the same manner as in Production Example 9 
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to obtain 2 -hydroxydodecyl ethyl ether. 
Example 5 

The compounds obtained in Production Examples 5 to 10 
and the following Comparative Product and a sodium 
polyoxyethylene (3 ) lauryl ether sulfate (AES) were used to 
prepare surfactant compositions shown in Table 6. With 
regard to these compositions, a foaming test was made in 
the following methods. The results are shown in Table 6. 
<Ccomparative product s> 

LAPB : Lauroylamidopropyldimethylcarbobetaine 
DEA: Coconut oil fatty acid die thanolamide 
MEA: Coconut oil fatty acid monoethanolamide 
DGE : Decyl glyceryl ether 
<CFoaming test> 

The test was made by measuring in the following 
condition according to a Ross-Miles method. 

Concentration of a surfactant composition: 0.2% by 
weight 

Temperature 4 0°C 

Hardness 4° DH 

pH 6.8 
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Example 6 

The compounds obtained in Production Examples 5 to 10 
or the aforementioned LAPB, DEA and MEA were used as 
auxiliary surfactants and AES was used as a surfactant to 
prepare surfactant compositions in which the total 
concentration of the surfactants was 20% by weight and the 
ratio ( surf actant/auxiliary surf actant) (weight ratio) was 
17/3. Each viscosity of these compositions was measured 
in the following condition. The results are shown in Table 
7 . 

<Viscosity measuring condition^ 
Measuring pH : 7.0 
Measuring temperature: 25°C 
Viscometer: B-type viscometer 
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Table 7 



Auxiliary surfactant 


Viscosity 
(mPa-s) 


Compound in production example 5 


290 


Compound in production example 6 


8800 


Compound in production example 7 


1 5000 


Compound in production example 8 


7800 


Compound in production example 9 


5500 


Compound in production example 1< 


> 7500 


LAPB 


1440 


DEA 


140 


MEA 


450 
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Example 7 

The same reactor that was used in Example 1 was charged 
with 64 g (MW: 32, 2 mol) of methanol and 2 g of sodium 
methylate (CH30Na) and then the mixture was raised to 60°C. 
Then, 156.2 g (MW: 156.2, 1 mol) of 1 , 2 - epoxydecane was added 
dropwise to the mixture over one hour and the resulting 
mixture was kept as it was for 8 hours. The reaction was 
terminated just after confirming that 1 , 2 -epoxydecane left 
unreacted was less than 1% by gas chromatography and then 
the reaction mixture was cooled. 

Example 1 to 7 of Table 8 correspond to Production 
Example 5 to 11 of Table 7, respectively. Comparative 
Example 1 to 3 of Table 8 correspond to LAPB, DEA and MEA 
of Table 7, respectively. 



Table 8 



Table 8 





viscosiiy^mpa s/ 


Amount of foam 
(mm) 


Example 1 


290 


287 


Example 2 


8800 


275 


Example 3 


15000 


278 


Example 4 


7800 


276 


Example 5 


5500 


268 


Example 6 


7500 


270 


Example 7 


275 


276 


Comparative 
example 1 


1440 


240 


Comparative 
example 2 


140 


250 


Comparative 
example 3 


450 


251 



40 



